Abstract An experiment was done at Department of Plant Breeding & Genetics, Ghazi University, D. G. Khan to find out genetic effects for some quantitatively inherited plant traits using six generations viz., parents, their first and second filial generations and their backcrosses of two wheat crosses like Mairaj-08 × Blue Silver as cross-I and Faisalabad-08 × DH-60 as cross-II. Through scaling, analysis on generation means was performed and involvement of epistasis was found for many plant traits in both cross combinations. So, a model of six parameters was applied for estimation of nature of genetic interaction in all plant characters excluding 1000-grains weight. Additive gene action was controlling yield and yield related traits in both cross combinations. So, it was found that many plant traits in cross combination like Faisalabad-08 × DH-60 were controlled by additive genetic effects so this cross can be utilized in future wheat improvement program for high yield.
Introduction
Among all cereal crops, wheat is an imperative and diversified grain crop. Globally, it provides dietary requirements of about 30% people and about 50% food calories and protein requirements were provided for the humans. Due to its importance, wheat is consumed as food on daily basis in Pakistan. As wheat is a major crop in Pakistan but it was grown on 9.05 million hectares with average yields 2. 845 kg per hectare [1] which requires to be improved for swiftly growing population. So, it is crucial to increase per acre yield by exploring and utilizing existing wheat germplasm to produce new and improved genetic material having potential for wider adaptability [2-4] and it can be effectively utilized in Pakistan. Yield is a plant attribute that is controlled by multigenes and these features are integrated in connections of genotypic and natural change. In a hereditary populace, hereditary variations and genetic study decides the behavior and expression of genes [5] . Breeding for improved grain yield is a complex process if yield is the only factor, so it is recommended that its related characteristics can be utilized as determination criteria for yield change. So, knowledge about inheritance of yield related traits is also important in this case [6] . Impacts of genes including mean (m), additive (d) and predominance (h) and three different non-allelic interactions viz., additive × additive (i), additive × dominance (j) and dominance × dominance (l) are vital. Generation means investigation is one of the consistent biometrical techniques. It is an extremely valuable to calculate genetic effects and genetic interactions controlling yield and its related traits [7] . Acquiring of genetic information from many generations are more consistent than those taken from one generation. So, all six generations including both parents, first and second filial generations and back cross-1 and back cross-11 provide detailed genetic information for varieties under study. [8, 9] found that additive-dominance model were adequate for revealing the inheritance of grain yield and its components. With A, B, C and D. scaling tests, additive, dominance and epistatic effects were important for yield and its components characters. Some studies on generation mean analysis found additive and dominance genetic factors were important for most of plant traits in wheat [10] . Present study was made to get information about genetic heritability and genetic effects and gene action for different plant attributes in two wheat cross combinations. This information can be utilized for further wheat development program to improve grain yield. Thus, present study was carried out to get information about genetic variability, gene action and genetic interaction for various plant traits in two wheat crosses. Findings of these studies can be used for further wheat breeding program to enhance grain yield. (Table  5 ). As scaling tests were valuable for plant traits studied in first cross (Mairaj-08 × Blue Silver). So, six parametric model was desirable for all plant traits except for 1000-grains weight which was non-significant for scaling tests so a model of three parameters was applied for estimation of genetic interaction and genetic effects. Similarly in 2 nd cross (Faisalabad-08 × DH-60) as scaling tests for all traits under study were found vital so for these traits, a six parametric model was used for determination of genetic effects. The results in (Table 5) indicated that mean effects (M) for studied plant traits were important and additive genetic effects (D) were also significant either these are in positive or negative values most of plant traits like days to heading, peduncle length, spike length, number of spikelets per spike, 1000-grains weight in first cross. But in second cross, additive type genetic effects (D) were crucial for most of plant traits including days to heading, days to maturity, plant height, peduncle length, spike density. Many plant characters were found to be important for dominance genetic effects in Mairaj-08 × Blue Silver cross. While in second cross, many plant traits were vital for dominance genetic effects. It suggests that possible progress in wheat can be made by selecting progenies of the cross (Faisalabad-08 × DH-60). Similarly, the values of 'H' was greater than that of 'D' in this cross which proposed utilization of pedigree method of selection after hybridization as best method for population improvement in selfpollinated crop plants. Similar findings were given by [28-31].
Materials and methods

Plant materials
Estimates of non-allelic genetic effects were also observed where significant additive × additive type (I) of epistasis was found for all studied traits except for 1000-grains weight and grain yield per plant in cross-1 (Mairaj-08 × Blue Silver). It is important to mention here that six parameters model was not applied on 1000-grain weight trait due to non-significance of all scaling tests in this cross so, indirect selection of plant for this traits is recommended but 'I' type genetic effects for second cross were played an important role in inheritance of days to maturity, plant height, peduncle length and spike density and it showed that these plant traits had increasing the genes selection of plants for these trait can be effectual. Gene effect 'J' (Additive × dominance epistasis) exhibited significant result for most of plant traits in both crosses but some plant traits like number of spikelets per spike and grain yield per plant were found non-significant and was also found as negative in days to heading, number of spikelets per spike, spike density for same cross. Number of tillers per plant, spike length, number of spikelets per pike, number of grains per spike and 1000-grains weight for cross-II were also found negative in gene effect 'J' which showed genes for these traits were dispersed for these traits in parents. . Table 1 . Analysis of variance for yield and its related traits in Mairaj-08 × Blue silver cross *significant at t = 0.025; ns = non-significant; DF = degree of freedom Table 2 . Analysis of variance for yield and its related traits in Faisalabad-08 × DH-60 cross *significant at t = 0.025; ns = non-significant; DF = degree of freedom Table 4 . Scaling tests for yield and its related traits in Faisalabad-08 × DH-60 cross *significant at t = 0.025; ns = non-significant; DF = degree of freedom [36] . Difference in signs for 'H" and "L" was observed in the results for many plant traits studied and it was proposed that duplicate type of epistasis was involved to control the traits but complementary non-allelic gene interaction was also observed in many plant traits. Results also showed that all studied traits were controlled additive as well as nonadditive genetic effects with higher value of dominance gene effects in cross-1 while many plant traits with greater value of additive gene effects was observed in cross-II. Similar findings were given by [37-40]. Table 6 indicated temperature, rain fall and humidity data during wheat growing season at D.G. Khan.
Conclusion
Results of present study exhibited that genetic variability was found as an important factor for all plat traits like days to heading, days to maturity, spike length, number of spikelets per spike and other plant traits studied in cross Mairaj-08 × Blue silver except for days to maturity while significant differences were observed in all six generations of Faisalabad-08 × DH-60 for all studied traits. As all traits exhibited genetically differences for both crosses, so generations mean analysis through scaling tests was functional for estimation of gene action for these traits. Scaling tests (A, B, C and D) in Mairaj-08 × Blue Silver cross were found to be important for all plant attributes except for 1000-grains weight. So, epistasis played a role in inheritance of these traits. Faisalabad-08 × DH-60 also exhibited significant scaling tests for most of plant traits and indicated presence of epistasis to control these traits. Similarly, in cross (Mairaj-08 × Blue Silver), epistasis was prominent in all traits except for 1000-grains weight. While in second cross Faisalabad-08 × DH-60, epistasis was important to control all traits including 1000-grains weight. As 1000-grains weight is an important yield component which enhance grain yield per plant. So, it is suggested that cross-II (Faisalabad-08 × DH-60) showed promising performance having plant traits with additive gene effects than dominance type of gene effects and epistasis was controlling the inheritance of plant traits so selection of plants at early generations is effective for improving grain yield and this cross can be utilized in future wheat breeding program. 
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